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Introduction
We all know that we live in the computer era. At the same time
an eminent science writer has called our culture the psychological
society (Gross, 1978). Inevitably, the two have met. At the 1983
Amer;can Psychological Society meeting many vendors offered
demonstrations of hoy various psychological fuhctions could be
evaluated on a comp&éer. The Department of Defense is in the process

df moving to computer controlled testing in recruit evaluation, one of

the largest personnel selection programs in the world-(Gfeen et al.,
1982). ‘Oon the other hand, misgivings about the rushito computerize
have been'voic;;.vxnméigﬁple of such 8 misgiving is Matarazzo's (i983)
concern that the introduction of computers could change both the
nature of testing’and the interpretation of test scores. His rqmarks
serve as a useful reminder that personnel evaluation is at its’hearf

an exercise in psychology, not computer science. Applying computep

‘technology is a means, not an end,.

In this paper we shall discuss some of the potentials and .
problems involved in computerized testing. There are two issues

involved. One deals with the advantages or disadvantages of using a

- computer to administer va test", regardless of the test's content.

Most of the literature in the field has addressed this issue, The

advantage seems to lie with the computer, for reasons that we describe

immediately il-2low. (We shall expreas a few misgivings). A far more

difficult issue is whether or not the content of mental tests can be,

T
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df moving to computer controlled testing in recruit evaluation, one of
the largest personnel selection programs in the world-(Green et al.,
1982). On the other hand, misgivings about the rush to computerize
have been voiced. An example of such 8 misgiving is Matarazzo's (1983)
concern that the introduction of computers could change both the
nature of testing’and the interpretation of test scores. His remarks
serve as a useful reminder that personnel evaluation is at its’hearf

an exercise in psychology, not computer science. Applying computer

technology is a means, not an end.

In this paper we shall discuss some of the potentials and
problems involved in computerized testing. There are two issues
involved. One deals with the advantages or disadvantages of using a

A computer to administer "a test", regardless of the test's content.

Most of the literature in the field has addressed this issue. The

advantage Sseems to lie with the computer, for reasons that we describe

immediately l-2low. (We shall expreas a few misgivings). A far more

difficult issue is whether or not the content of mental tests can be,
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or should pe, changed in cohpUterized testing. The second issue will

occupy most of aur discussion.

Tests of mental ability can be classified as individually
admihistered or group administered tests. Individually administered
tests are generally regarded as more valid, for two reasoms. The
examiner, functioning as a stimulus presentation device, can produce‘a
variety of different auditory, visual, and even tactile stimuli., The
same examiner, functioning as a control device, can determine what
questions are most likely to fe informative about a particular
examinee. The paper and pencil form of %poup administered tests has

none of these advantages but it is much cheaper. - As a result, fixed

format, paper and pencil testing is oiien the method of choice for
-personnel séreehing involving large groups of people. Notable
examples are tests used for personnel classificat}on'in education, the
military, and the civil service., Paper and pencil tests have been

criticized for their inflexibility and limited scope, but their

cost-effectiveness has not been seriously challenged.

Computer-controllea test administration (1) falls between the
individual and the group testing situations. Almost any question that
can be presented in paper and pencil format can be presented using a

computer controlled, television-~like display. Furthermore, it is

relatively easy to prograh rules to make the next display contingent

upon the response to past displays; i.e. to have the computer assume

the control functions of the examiner in the individual testing
situation, Finally, test scoring and administration are greatly

simplified if responses are recorded directly by a computing system as

B
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not others. The evidence 13 mixed in both cases. Furthermore, it is
not at all clear that the change produced by computerization would

pnecessarily be a ciange for the worse.

Responding to computerized tests evidently does require a
specialized ability to deal with the test format. This was shown by
Lansman et al. (1982) in a study thst examined the correlations
between computerized and paper and pencil tests ¢f the "crystalized"
and "visual" factors of 1ntelligence'that are specified in the
Cattell-Horn theory of intelligence (Cattell, 1971; Horn and
Donald=on, 1980). Lansman et al. found that the error components of
the various computerized tests were correlated with each other, but
not with the error components of the paper and pencil tests. This
means that there are aeparate factors for item presentation mode, but
that the presentation factorsa do not interact with other factors.
Therefore tesats presented in either format would be equally valid
tests of intelligence factors, providing that the relative loadings of
tests on the "psychological® and "mode"™ factors do not change across
testing conditions. While definitive studies have not been done,
lthere is evidence that this is the case. Computerized and paper and
pencil versions of the Raven Matrix test %ppear to be essentially
equivalent (Calvert and Waterfall, 1982; Watts et al., 1982). This is
important because the Raven Matrix test is widely considered a good

measure of general intelligence.

The studies juat cited involved homogeneous groups of subjects;
It is possible that certain groups of subjects would be selectively

favored or disfavored by computerized testing. .The issue of

10 f
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motivation is central. ' Some observers have claimed, more or less
without data, that computér controllud tests can Qe presented in a
gamé-like format, and thus be self motivaﬁingg Such an effect could
be specific to partiéular groups of ind;viduals. Casual observaﬁion
suggests that some people are.;ndeed highly motivated by computer game
formats. Others find man-computer ihteraotion intiqidating, boring,
or both. Intditively computer games are very much associated with the
youth culture (Loftug and Loftus, 1983). Older people may view them
with dista;te. This is especially true if the testing procedure
overtly mrr . res Speed of performance, for there is considerifle
evideneé that older_pnople dislike situations in which rapi:;
responding is forced upon them (Hunt and Hertzog, 1982). To further

complicate the issue, there is evidence that points the other way.

o

European studies have found that computerized tests are more . lfﬂm

W/
acceptable to elderly and handicapped peo;Te than are pen and pencil

tests (Carr et al., 1982; Watts, Baddeley, and Williams, 1982). Given
o ,
the small data base, it would be inapproprate to concdude anything at

_all, yet, about the acceptability of domputer-controlled.testing in

different populations.

The issue of motivation is closely related to the issue of prior
experience. It is simpiy not true that "everyone" has or will have
had extensive experience with. computer terminals during the 1980s. A

more realistic assessment is that differentfgeople will have very

=
"

different experiences. Playing arcade\games that are computer

W
o

controlled is not like using a text editor to write term papers.

3

Intuitively, experience with keyboards ‘and terminals would be expected

to affect performance in a testing. situation. Marshall-Mies et al.

11
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(1983) found a correlation of .2 '(in a sample of 500 subjects) between

self-report of experienoe with computer games and performance on a
variety of computer-administered tests. Is this so small as to be

trivial? The examinees were electrical power system operators who had

"an average of over eight years experience with computer controlled

displays. Clearly the issue is not closed!

.

Lot -

< In any case, it i1s well known that virtually any task that

"involves speeded reactions will show very large learning effeets{

This raises two concerns. In assessing the.  comparability of scores

‘fror different groups, a frequent issue in psychometrics, care must be

taken to ensure comparability of experience with the test apparatus;
Uithin a single groupx the presence of large 1earning effects raises
the question of stability in factor patterns. If a battery of |
computerizued tests is giken repeatedly to the same people'the mean
values of the test scores will almost certainly change. Will the test
covariances change? Will the correlations between test soores and
outside criteria change? These issues are relevant for any testing
program, but may be particularly important for any computerized

~

testing that involves the measurement of reaction time.;

One of the strongest arguments for computerized testing is that
¢
it makes possible adaptive adjustment of test difficulty to the
examinee's talents. It is conceivable that such a testing proceeure
could interact with personality traits.’ Consider an individual who 18
of slightly below averag& talent. Adaeptive testing would begin by
presenting this person with items of average difficulty, which will

prove too hard. The examinee will thus be given an initial series of

12
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failure expefiences as the computer attempts to find an appropriate
. level of item difficuliy. Now suppose that the individual is also
test anxious, a well identified personglity tre' (Sarason, 1980).
Will the failure experiences early in the test cause the person to
under perform on the remaining jtems? We simply do not know.

There are two issues concerning "testing in the abstract"™ that
revolve around the use of test results‘qore than around the
Ainteraction between the examinee and the\‘est administrator, Tests of

cognitive ability are typically used for one of two purposes;

personnel classification or diagnostic evaluation, In personnel

classification the purposé of testing is to idehtify iﬂéividuals who
have (or lack) some degree of specific ability; so that these

4

individuals may be offered'or denied anqgsngnment. College entrance

£

£ exahihapipns and Armgd Soryices screening axaminations are examples of
classification.tests. glassification tésting is usually oriented
toward the examination of broadly defined ability ddmains, sucn as
verbél, spatial or reasoning akills. A relatively brief amount of
time~4s_dey6ted.to gaining in-depth information about“a'pgpgon's
ability within one of these domains. There is extensive predictive
validity data showing that there is a correlation between test scores
obtained in olassification testing and similar broad criterion
'variables, subh as academioc achievement or sucoess in service

technical training schools (Burns,1975; Jensen, 1980). In assessing

the validity of a classification method the appropriate criterion is a

population one. Does the testing procedure Justify itself by

providing data that reduce the costs of misclassification below the

cost of the test gn_g_ngpnlgjlgn_ggging Computerized tests have to

»
L
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show that they can meet this criterion, in competition with other
methods of testing. Put(another way, suppose that the correlation
between a computer administered test and a paper and pencil test was
1.0. Then one should immedi\tely decide to use the method of testing
with the lowest administrative coats. This will seldom be the

computer administered test. |
N . - I

The purpose of diagnostic testing is to gain a detailed knowledse
of the pattern of performance of a specific individual., Absolute
levels may be more important than levels relative to population norms.
Neuropsychological examination is a prototype case; the purpose of the

examination is not to select a person for entrance into a fixed

environment but to design an environment for the fndividual. Other,
less extreme examples can be enviaag:d. The scores t¢ be obtained and
the criterion variables to be utilized will vary from case to case.
The introduction of computers into diagnostic testing .hus may pose a
much more difficult problem in validation than 1s the case for \
classification testing. On the other hand, the flexibility of

computer administrated testing should provide a greater potential in

the diagnostic than in the classification area.- - - ]

Matarazzo (1983) raised a somewhat different issue. He was
concerned that the widespread availability of computer-administered
tests of intelligence and pepsonality might lead to misapplication of
the results., Matarazzo focused upon misinterpretation of_and
over-reliance on tests by naive users, simply because tHe tests were

computerized. These issues, while real, are easentially issues that

concern psychology as a professional guide rather than issues that are

14
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directly relevant to psychology as a Qbienoe, Concerns about oversell
because something is on a computer are not qualitatively different

from concerns about over-acceptance due to some other irrelevancy,

such as endorsement by a famous athlete or entertainer,

In discussing the scientific potentials for using computers to
test intelligence, we must first define what it is that we are trying
to test. Initially we shall take the Boring (1923) view that
intelligence is defined by the intelligence test. Accordingly, we

should first consider how computers can be used to expand upon current

testing of those psychological functions that are tested by present ,
day methods. Such expansions are steps forward. Ve tﬁen take a leap
into new areas, bu suggesting some psychological functions thatt are
logically part of mental competence, but are not tested by present day
methods., In discussing both steps and leaps we have attempted to
distinguish between questions of test developmént, given the present
state of knowledge, and questions that require further psychological

research.

Although there are many taxonomies of human mental performance

there is also considerable agreement about the major intellectual

dimensions that must be assessed in order to evaluate mental

competence. Three types of "intelligence" will be considered; verbal

ability, spatial=-visual ability, and logicel reasoning. While varying




I I e

|

Intelligence Testing Page- 13

studies have found these abilities to be moderately correlated in most
populatiéna, they clearly represent distinot aspects of human thought
(Carroll. 1982). We will also consider the evaluation of memory, as

memory assessment is part of individually administered test batteries.
Yerbal Anility

Modifying current assessment., "Verbai ability" refers to
competence in comprehending l;nguistic messages. In order to exercise
verbal ability on needs skills that go well beyond knowledge of word
meanings. Nevertheless, on a statistical basis, people's ability to
comprehend stories, utilize grammatical rules, and do other linguistio

tasks are all well predicted by performance on a vocabulary test.

(Carroll.1979). Put another way, if we want to know what verbal
ability is, one has to consider mmany things besides word knowledge.
If all that is desired 18 an estimate of a persons's verbal facility,
a vocabulary test will often suf'fice (Carroll, 1971, Hunu, in press).
One of the open questions in intelligence testing is whether
people differ in the size or in the nature of their vocabularies. The
opinions of experts differ dramatioally. Nickerson (2) hes stated
that people differ in their vooabularies by a factor of as much as twd
to one. On the other hand, Fillmore (1979) has stated that people do
.

not differ very much in their total vocabulary size, but to differ in

the sort of vocabularies they have. Neither Nickerson or Fillmore

provide citations for their olaims., (Carroll, 1971) cited data

indicating that there are large individual differences on common
vocabulary testa but thisdoes not settle the issue., In the

traditional intelligence test a fairly small set of words is

16
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designated as "representative™ of word knowledge in general, and the
examinse is tested on this set of words. Such a procedure implicitly
accepts the idea that m- -t of a person;a vocabulary is drawn from a
uniyerse of standard words. If testing were done by a computer it
wouid be possible to probe knowledga of speoialized vocabularies, by

drawing test items from a population of words chosen to reflect the

"examinee's presumed characteristies, To take a simple example, if an

examinee claimedlto be a native speaker of Spanish it would be
possible to probe for word knowledge about cars, if the e.aminee
clajimed expertise as an autombbile repairman, or for word knowledge
about music, if ihe examinee olaim\d to a modern music fan. This

procedure will be called tailored vocabulary testing. .

Tailored vooabuléry testing can separate the issue of the size
and nature of a per3aon's vocabulary. This could be important.
Acquisition of a vocabulary depends upon two things:' culturally
determined exposure to a particular lexiéon and personal sensitivity
to verbai Stimuli in general. ‘Logically these are separate tnaits{
Present tests, by measuring standard (American) English v°oabdﬁary,
are undeniably biased toward measuring cultural exposure. For this
reason(it can be claimed that the tests are 'unfair" If so, ;ﬁ&ﬁab'
vocabulary tests serve as useful predictors? it could be that, in
spite of their cultural bias, the tests still depend enough upon
individual verbal facility to be useful measures of the underlying
psychological trait. On the other hand, it could be that in some
circumstances the tests predict future behavior precisely b ause they
measure cultural background (3). Arguments could be made for either

conclusion. A testing approach that evaluated a person's use of both

4
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standard and specialized vocabularies would make it possible to

investigate the issue further.,

New Directions, . The co-ordination of verbal and non-verbal
- input can be looked upon as a prototypical verbal actiong'-Tasks that
require the action will be cglled nco-ordination tasks". ‘An example
is the oomparis&h of verbal descriptions to qirectly‘perceivable
visual, auditory, or tactile displays. .Following instructions often
requires cc-ordination; e.g. "»Turn the knob t the left if the red

light goes on." There are substantial ind;vidual differences both in

the strategies that people uaé to oo-ordina@e verbal and non-verbal
input, and in the effectiveness with which QPey execute those
strategies (Bunt, 1980; in press). It #ppears that the sort of
nyerbal ability" tested by co-ordination tasks is partially
.independent of "verbal ability" as tested by tasks requiring only that

\ .
people respond to {solated words (Hunt, Davidson, and Lansman, 1981):

Most of the experimental paradigms used to study the

co-ordination of verbal and non-verbal information rely on computer

presentation. _Phyaically, it would be easy to adapt them for
psychometrib testing. Two examples are the 1gnjﬁhgg_xgniﬂigg&ign_gnﬁ
ingjxygjjgn_ﬁgjjgxinx. paradigms. In sentence verification the

examinee must decide whether or not a ve;bal statement correctly

duzscribes a picture. The complexity of thu verbal statement correctly -
describes a picture. The complexity qf tha.verbgl statement can be
systematically manipulated (Carpenter and Just, 1975). Testing the
Qbility to follow instructions, the examinee 18 told to execute

actions contingent upon presentation of certain displays. Again the

18
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variable of interest is the examinee's response to charges in the
linguiatic complexity of the instructions, rather than to changes in
stimulus or response complexity itself (pixon, 19"7). The instruction
following paradignm ig of interest because it tests the comprehension
of verbally stated p;ocedures. Most present d;y verbal tests are of
the comprehension of expositoyy naterial. |
(. N

There are a number of practical psychometric issues to be AN

resolved befdre either of these paradigms could be introduced into

testing situations. They revolve around test-rpf@st reliability,

across time periods and across likely variations in testing
situations. Such questions fall somewhere between "basic"® research
and "developmental studies®", but tﬁey must be answered before we' know
wvhether or not it 1is practical to test people's ability to do
co-ordinstion tairs. SImilar points will arise freguently in our-

subsequent dfscussion.

Several computer-controlled procedures have been developed for
use in the study of verbal comprehension process in genergl. Some of
these involve highly intrusive measurement devices, such as
instruments for recnrding eye movements;::fheseAare _probably not _

practical testing devices. A number of other. laboratory paradigms

involve what is called the psecondary task methodology. The mental

errort required to execute a linguistic task (e.g. parse a passive

sentence) is measured by the ease of execution of ‘an ancillary simple

task, such as phoneme monitoring. Individual differences can be

evaluated using the secondary task paradigm, bub doing sc requires an -

elaborate oxperimental design that is probably not practical in most

19 o
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testing situations (Hunt and Lansman, 1982).
/
/

Rapid single visual pre?entation (RSVP) is a technique for
reading in which readers com'rehedd a message that 1is preaented
visually, one word at a tim (Pptter,'xrull and Harris, 1980). The
rate of presentation can be controlled either by the reader or the
axaminer. To our knowledge/ the RSVP technique has . not been used to
evaluate individual differences in the dynamics of comprehension such
as changes in the rate of neading asia function of te complexity of
texture material. It might be that the method could be adapted for
computerized testing, but # great deal of work remains to be done to
establish appropriaté testing procedures, The ﬁSVP §eohn1que seenms

particularly appropriate iph situations in which the diagnosis of

reading ‘style is an issue.

Conclusion: Computejr controlled testing is not likely to extend

the range of evaluation 01 verbal ability in classification

situations; if only because the simple vocabulary teat is such a good

predictor., Therefore any justification for computerizing verbal

classification procedures will have to rest on cost effectiveness.

Computer _controll

{ndividual comprehension/ skills, Such testing may be quite valuable
if there is reason to bglieve that the examinees have been exposed to
some condition that would affect the non-lexical aspects of verbal |
processing. For example, a variety of reports have indicated that . age
deleteriousﬁg affects/ the attention demanding, speeded asﬁects of
verbal processing, ithough vocaulary size probably increases with age

(Hunt and Hertzog, /1981). Spevifioc roading disabilities in
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"schoolchildren involve selective loas of ;he ability to deal with
particular aspects of written material (V?llu{yésu 1979). ’Even more ,%(
draﬁatio selective losses of function are%sonetimes seen in cases of
brain injury. Prototype computer-oontro%led testing proéedures for
various asp;cts sf reaﬁing oomprehension%have been developed
(Frederiksen, 1982) and could be extendeé to more general situations
where large scale, rapid diagnosis of 1a§guage deficiencies were

required.

H9d1I11nx_£nzngn&_Anﬂ§11mgnjL Thq term "spatial ability" refers
to the ability to construct, examine, aéd manipulate internal
representations of visual displays. Exémples of standard spatial
ability tests are the Hinnesota Paper Fprm Board test, the Primary

Mental Abilities 'spatial’ test, and t#e KohsBlock Design test (HoGee

1979). The well known "mental rotatiqh' paradigms developed by

Shepard and his collegaues (Snepard aﬁq Cooper, 1983) have also

~inspired some aore specific tests ofﬁspatial abi;ity (Lansman et al.,
1982; Vandenberg and Kuse, 1978). The domain of abiiities.oovergd by"_
spatial'tests is reasonably well fit by a two factor model (Egan,
1979). One faotor, "spatial encoding", is an ability to recognhize a
specified shape when it occurs in the visual field. Examples of

\\ongding tasks are recognizing letters in a word or recognizing the
triangles embedded in a six pointed Star of David. The manipulation

of 4 meth; image is a rather different ability. It is best

w21




N ERTIRI

Intelligence Tesating | Page 19

{llustrated by the rotation tasks developed by Shepard and his
associates, A more prosaic example is the mental rotation of letters
when reading a text that is presented upside down. We will refer to
the aility to manipulate images as wyisualization®, althoggh this is
perhaps not the best term.

Computerized testing methods offer a considerable potential for
expanding the evaluation of spatial ability than in the verbal domain.
Most preent spatial-visual tests mix the encoding and visualization
factors. Pellegrino and his associates (Mumaw and Pellegrino, in
press; Pellegrino and Kail, 1982) have shown that it is poasible to
obtain pure measures of both the visualization and encoding raciors

within the framework of a single test. This is done by presenting

successive complications upon a single base problem (e.g. a form board
completion item) in ways that increase the difficulty of the base
problem along either the encodiﬁg.or visualization dimension. Jhe
item construction procedures developed'by Pellegrino et al. could
easily be combined with the response analysis procedures based on
zulticomponent latent trait theory (Whitely, 1981) and upon adaptive-

testing. This is an example of how the computer technology offers a

cuance to make a solid step forward in our evaluation methods,

......... e Mew pire - o S /
Our present ideas about spatial ability are based upon data that

can be gaterhed using the fixed format, paper and pencil testing -

technique. The paper and pencil tornat is much more restrictive in
the spatial than the verbal oouain, because the mapping between the .
dynamic, three dimensional, colored world and the two dimensional,

~

static, (largely) black and white printed diagram is not as tifht as

. 22
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the mapping between listening and reading. Hence there 18 a real
potenticul tér expanding our concept of spatial ability by adopting a
new testing format. In particular, computer controlled displays can
be dynamic., This is an 1mpoftant distinction, because spatial
abilities arg thought to be involved in tasks in which notion~1s an
inherent part of the environment, e.g. operating a vehicle or an
aircraft. It would b? relatively'easy to test the ability to perceive
and extrapolate motion directly by using computer controlled animated
displays. Is the ability to;deal with motion really predictable from
our present static tests of spatial ability?_ If not, would measring

it add to our ability to predict performance in tasks that we beleive

. require spatial ability?

Traditional spatial ability tests deal with the ability to look

_at a display. What about the ability tn orient oneself to the

surroundings? Ue will refer to this as "geographic orientation.”
Although there 1is evidence that people vary widely in their ability to
maintain geographic orientattion {Thorndyke and Goldin, 1981) there is
little systematic knowledge of the dimensions of the"@bility. The
paucity of data may be due to the sheer economics of testing étudies
of geographic orientation require thau people move about in the
environment. Is it poassible to conduct geographic prientation studies
lpss expensively. by -using compuvter controlled technology? People
could be provided wi£h the visual input from imaginary walks or
drives, by combining co.puter controlled testing Q;th te se of a
random access video disk device. They could then be tested on their
knowledge of the geography that they had experienced vicariously.
Would the same peop;e who did well in reconstructing the simulated

geography do well at maintaining their orientation if they were moved

23 .
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through a real environment? The experiments need to answer this
question a}. again atraightforward. The answen itself sﬁimportant
because of its implication for future reaeanoh. If orientation”in”the
siuulated environment correlates with oriendation in the actual
environnent, then performance in the simulaqed environment ould be
used either as a predictor of actual geographic orienttion ability, or
as a means of studying the relationAbetwenntorientation and |
conventional measure3s of spatial ability. .

The above examples have concentrated °$ the "spatial" part of
spatial-visual ability. Gopher (3) has pointed out that many (though

not all) of the classical visual illusions ?an be tested using

oomputer generated displays. Several of theae illusions are thought to

indicate basic properties of higher order perceptual systems, To
jllustrate, Coren and Girgus have shown that there :;e individual I
difrerences in ‘susceptibility to various perceptual illusions, such as
the Mulier-Lyer illusion. The dimensionality of the space of
susceptibility is considerably less than tme number of illusions.

Some of the factors of susceptibility'seed to be related to peripheral
visual processes while others seem to be aasocited with higher order,
cognitive factors. Very little is know on how susceptibility-to
illusions relates to other dimensions of intelleotual or personality
variation. (A striking exception to this statement is the very large

1iterature on field dependency and rod-and frame illusion (Witkin et

» al., 1954) ., If computer generated iliusions can be produced reliably

this could be a fruitful field of re?earch. (4).

&N :

/

: N
Concluaion : The advent of computer controlled testing?should

consierably expand our ability tolexamine spatial-visual abilities.
. {
1\* /
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Enough qpaéarch has already been done to warrant beginning the
costruction and validation of computer-oriented tests., Studies
Cs intended to expand our conceptualization of spatial ability to .nclude
| dynamic visualizationa‘and geographic orieptation'could have‘an c

extremely high pay off. The extension of testing into the realm of

perceptual illusions is more venturesome, but is worth considering.

Reasopning

> Modifyipg Current Assesszent. Reasoning is traditionally divided into
| two areas; deductive and inductiye reasoning. Deductive reasoning
requires that a general principle be applied to a particular case,
whereas inductive reasoning involves extraction of a general rule-br'

pripciple from e;amination of cases., Tests of reasoning have been

widely used in the study of intelligence. Since the ti.e Qf'the
ancient Greeks, deductive réasoning has.been seen as the hallmark of
rational thought (Johnson-Laird, 1983). Inductive reasoning
(including analpgical_reasoning) has been shown to be among the best”
markers for the generai (rg¥) factor in modern intelligence tests
(Sternberg, 1977). This is intuitively reasonable, for a good
argument can be made that the essence of intelligence is being able to
transfer problem solving techniques learned in one situation to other,

7

analagous situations.

During the 19708 and early 1980s considerable prograss was made

in understanding the psychological basis of bo%h inductive and
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" be used to desigh reasoning problems that vary systematically along

'definition, the task of operating upon an internal, conceptual
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deductive reasoning. There are now saveral, rather similar models of
how people\represent various types of reaaoainé problems to
themselves, and of how thcsr representationJ are manipulated during
problem solving. (Goldman and Peblegrino, 1984; Johnson-Laird and
Steedman, 1978; Rips, 1983, Sternberg. 1977.1980.1952). These models
provide good explanations of why particular reasoning problems are

easy or hard, and they identify microprocesaes that must be executed

in order to solve an inductive or deduttive problem. The models could

known psychological dimensions, in much the sane manher as was
suggested for spatial tests. Obviously, computer testing techniques
could be used 4n such an effort, but the effort itaelf does not
require computers (see e.g., Holzman, Pellegrino and Glaser, 1983).
The cause for this conclusion is worth examining. Reasoning_is, by
representation of a problem., The computer provides a facility for
displaying different problem formats, but this should only affect the
process of constructing the conceptual representation, not.the process
of manipulating it. Reasoning is also a process that cften taxes place
over minutes rather ‘than milliseconds, and our interest typically
centers(gn errors as much as speed of reaction. While reaction time
measures can be uaeful in testing uwodels that identify components of

solution during rcasoning tasks, (Sternberg's, 1977) it is unclear

whether or not‘reaction time measures of component proceaaes of

.
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reasoning are sufficiently reliable to be useful in brief tests of a
peraon's reasoning power (Goldman and Pellegrino, 1984) Thus the
contribution of computorization to clssif’‘cation tests of reasoning is
‘“problematioai; |

. Computerized testing may have nore of a place when testing is

done for diagnostic purposes. Reasoning problems are typlcally £

43
_ attaqked in stages; encoding the elements of a problem, . applying trial

solutions, and evaluating solutions. :bifferent strategies stress one
or the otﬂer of these stagea. Furthernore, success in problem solving
appears to be related to the ohoice of a strategy. Sternberg and his
“ associates have oonsiatently found that good problem solve}s spend
relatively more time yeading a problem and underatgnding t he elemenis
involved, whereas poorhr probiem solvers seem to -begin trying out

solutions (Sternberg, 1982§.' Dillon and Stevenson-ﬂicks (1981) have

reported differenoes in problom evaluation. Whan' good problem solvers‘

-

take multiple choice reason;ng tests, they examine the problem,
develop a solution, and then look for éhe'solution in the set of
answers, Poorer problem solvers spend nore\time examining and
rejecting the slternatives provided in the answer set. Note that the
former strategy genaralizes beyond the multiple ohoice test format,
while the latter strategy does not. Finally, Egan and Grimes Farroy
(1982) haﬁe shown that peoples who adop; an abstract public v

representation are more successful in solving transitivity problems

than are peoplﬁ who adopﬁla concrete representation. A variety of

2%
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intera?tiva computer controlled testing prooedures could be used to
identify a, person's style of probleﬁ solving, and perhaps to arranje
ways of improving on it. But is this a good idea? The research cited
shows that different problem solving styles exist. It does not show
how stable a person's problem'solving‘pyﬁle is over different .
ocoaaions; or different 3ituation$; The problem\of s‘tuational

generality is of particular interest.

New Directions. vFrom the viewpoint of a logician, the rules for
{nductive and deductive problem solving apply regardleas of the
content area. Psychologically content is far from neutral, Sternberg

Q1980) has pointed out that there are two stages of problem solving;

+

””’inowing abstract problem:BOIVing methods and. knowing when to apply
them. The ability to realize that a probl.. olving method is
apprqpriate may be much rarer than the ability to apply a method in a

.familiar area. For'exanple, mental retardatss can be trained to apply
problem solving procedures, but the application is tightly tied to the
context in which it is learned (Campicne, Brown, and Ferrara, 1982).

Cross cultural examples are also plentiful. Indaed, it seems that the
¢

[}

’idea that there are ﬁbstraot reésoning procedures, apart from a
particular context, is a peculiarly Western idea, that is acquired

through contact with formal Western schooling (Seribner, 1977).

Sternberg (1981) has recently advocated testing people's ability
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to reason, in the abstract, by testing th@?r ability to deal with
LS
problems presented in what Aare almost bizarre* settings. An example is
a problem about people who grow young instead of old. He has referred
to the ability to deal with such situations as the ability to reason
in "non-entrenched” situatibns. One can envisage a
computer-controlled testing situation in which a persc-'s reasoning
ability was examined both in settings with which the examinee was

familiar and in.more foreign settings. A related procedure would be

to examine people's ability to use hints to suggest fruitful analogies

in problem solving. This technique could be used to provide a finer
analysis between individuals than the dascrimination between 'solvers!

and 'non solvers,'

Virtua;ly.every'discuasion of reasoning closes with a rather ill
defined section on 'probl.m solving.' Computer programs can be
written to present quite challenging problenm solving tasks-e.g. ﬁhe
ubiquitous 'dungeons and dragons' games advertised extensively in
‘computer Jjournals. Could these games be used to test problem solving
skil11s? Although the idea 1is appea.ing, the ides does nét always

Ldork. Time to solve a realistic computer-presented problem in

electric power distribution'correlated only ~.16 (N=3441) with

supervisors' ratings of power system operators (Marshall=-Mies, 1983).

This discouraging result can be used as an 1ilustration of a
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prosaic but important point. Tﬁi‘concerns about test length and item

reliability that are routinely dealt with in conventional testing are

‘:“ @
also concerns in oomputer-adninistered testing. If a test consists of

only a few items, as in Marshall-Mies et al.'s use of a single
problem, then it 1is ug;easonable to expect that the test will be
reliable, On the other'hand, if there are many items, 1t 13 possible
to produce a very ;eliable test even though each item has a |

substantial item~specific component (Green, 1981). Since reasoning

and problem solving tasks are frequently found to have a considerable

' amount of item-specific variance, extended testing is essential if -one
wants to evaluate a person's general problem solving or reasoning
ability. To‘drive this point home, consider a study by Sternberg and
Gardner (1983), that reliably evﬁluated people's ability to execute
particular components of a reaaohing strategy. Sucb an evaluation

, could be reéarded as the ultimate goal of diagnostioc testing.'
Sternberg and Gardner's participtﬁts solved over one thousand problens
eadhl This illustrates how serious the problem of ijtem reliability

is.

\

|

\ Conclusjion. Can computer- -controlled testing help by speeding up
\1tem presentation and response evaluation?_ Speeding up theae

\functiona of test adminiatration would ke only marginally useful. The

111-1t1ng factor on speed of reasoning is almost always the speed with

&hich people think, not the speed with which the problem is presented
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| to them. Since the bottleneck is mental processing speea, speeding up-
teaﬁ administration is almost irrelevant If there is to be a

synergism between computerized testing and the evaluation of

reasoning, it will be based on a sophisticated method for diagnosing

problem solving strategies.
Memory _ B

Hemory evaluation has alwaya been part of individually.

administered psychological tests. The Hechsler Adult Intelligenoe
Scéale (WAIS) contaigs a memory subscale and a memory quotient acore in
addition to the more familiar intelligence quotient.(Matarazzo, 1972)
In spite of their ubiquitousness, the memory scales used in
pasychometric tests arq’simplistiq compared to the measures of memory
that are routinely utilized by experimental paychologists and
neuropsychologists. The WAIS scale itself is inadequate to

differentiate among types of amnesia, even though the instrument is

frequently used to diagnose the amnesic syndrome (Hirst, 1982).

The problem seems to be that the psA:::;:::::\neasures are, for

the most part, based on a naive viev of human memory. Conventional
memory subscales focus on the global functioning of two memory

systems, very long term (“"permanent®) memory for facts; and memory

span, the capacity to recall, exactly, mat@rial presented within the

31
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ﬁ last minute or sé; A more modern view of meﬁory requires testing of
at least three systems; the two desoribsd above and a third, working
memory, that contains a general representation of the oubrent
situation without necessarily containing‘an exact record of all
details of the information that has been preaented (Badde1ey, 1976;
Bunt, 1977; Kl;pp, Marshﬁuﬁn, and Lester. 1983). Furthermore, iost
‘oxperinental payéhdlogistq would be unsatisfied with sihple measures
of capacity. In addition they woufd like to have a measure of the

speed of retrieval from various nemoryAsyﬁtems and some measure df the

rate of transfer of information between systems.

Procedures for estimating such parameters are routinely used in
experinéntal psychology today. Many of the procedures demand the sqrt
of controlﬁthat can be achieved only by computerized tesating. .
Furthermore, at least some of the measures dre related to memory
functioning in extra-laboratory situations. (Sunderland, Harris, and
Baddeley, 1983).. Thus there is clearly a pofential for expanding
present methods of asseéaing memory in a .way that would not be
feasible using conventional testing methods. However, more is
required than simply adding experimental paradigns into a testing
battery. The paradigns"generally have been designed to estimate group

parameters,. Whether or not they are sufficiently reliable to be used

on an individual basis remains to be shown. Furthermore, nqbt of the

experimental paradigms demand much more time from an individual
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subject than would be available in a clagaifioation testing
situations, Finally. a person's apparent memory oapability may depend
heavily upon a person's familiarity with the content of the
information being memorized. ‘It appears tht people wili develop
content-specialized frameworks for dealing with 1nfopmation that they
encounter repetitively. To take an extreme exanple} Chase and
Eriksson (1981) report the casg,of an individual 'who had a memory span
for numbers ir excess of eighty (}), because he had developed a-

special technique for memorizing hqmbers. His menmory span for other

material was in the normal range.

Results such as Chase and Eriksson's pose A serious ¢ stion
about the evaluation of memoryg;~13-nemorization ability a stable
ehgracteristic of the individual, or 4s it a product of the
interaction between the individual‘s.eapabilities and his or her
specific experiences? Theorists are clearly divided on this point.
Consider such a basic point as the development of short term memory.
Some have argued tbat the development of an ever increasing short ternm
menory capability is the cornerstone of pognitive development. Others ’

have argued that the apparent growth in memory is due to growth in the

child's knowledge of memory strategies and due to a widened

familiarity with useful, content-specific codes. (Siegler and
Richards, 1982). The controversy is important in its own right. It

is important to tbe development of computerized testing, because the
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testing procedure should be based on 2 clearer idea of what is being

evaluated.

Poxing the issue as a contest between theories of 'generalized
nehory ability' and 'situation specific memory' 1s too simplistic. It
is clear that if clinically normal individuals are given special
training, so that they develop texpertise' within a content area, then
their ability to remember 1nformation in that content area will be
_selectively improved. However, it is possible to develop tests of

unfamiliar expository or arbitrary material. Most of the paradigms

developed in the experimental iaboratory are of this type. A
substantial study of a perform;nce on such tasks in a;college student
population (Underwood, Boruch, and Malmi, 1978) found that a very |
large percentage of the variance on all tasks could be accounted for
by a general associative memory factor. This finding suggests that
one‘or two memory tests would suffice to estimate general ﬁgmory

performance in § variety of situations.

The problem is thornier wvwhen texceptional' memory 1s to be
assessed. The 1ssue$,involved in evaluating exceﬁtibnally good or

exceptionally bad memory are quite different.

Extremely poor memory is usually associated with some

pathological condition, such as Alzheimer's disease, senility, or

- L
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brain injury. Testing £he affected individuals is necessarily 8 form
of clinical interview., Computer-controiled presentation provides a
ohanoe‘to standardize the interview, which has-aomextﬂvantagea} but
the testing procedure wiil probably alwﬁys be an adjunct tc individual
'patient assessment by a clinician. .The role of computer controlled
testing in the assessment of superior memohy is rather different. As

has already been pointed out, computer gontrolled testing is flexible,

¥

so that within & fixed time it would be possible to test a given

individual's memory for more different content areas, than sculd be

evaluated using conventional testing. The remarks made earlier about
tailored vocabulary testing are applicable., Thus computerized testing
wquldlpe useful in identifying the fact that a person had superior

memory for certain types of materials,

What would be hard to do is to establish why an unusually good
memory capacity existed. Superior memory capacity is generaily

associated with the use of elaborative strategies that are appropriate

to the material being memorized. (See Bransford et al., 1982 for a

'good discussion of this point and for a list of further oitations.)

There are a few situations in whioch strategies can bpe 1nrerbed from
computer-analyzable responses, such as reaction times (Macleod, Hunt,
ar.? Mathews, ,1978) or eye movements (Dillon and Stevenson-Hicks,

1961). In general, though, the best way to evaluate a person's memory

r

strategy is to ask the examinee to describe it, gnd then have an
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experimenter analyze a complex verbal response. While advances in
computer comprehension of freely produced speech have been made, it
soens!unlikely that computers will be prepared to replace the

~experimenter in the near future.
New Dimensions of Testing

Learning, attention, and pasychomotor skills are certainly aspects

of mental competence., However, they are not usually evaluated in

intelligence testing. Does computerized testing of fer a chance to

expand evaluation into these fields?

Learning

Definitions of what "the intelligent person" can do alm;st always
include learning 1Sternberg et al., 1981). Intelligence tests make
relatively Iittle|effort to assess learning directly, because of the

difficulty of doing so using a conventional test format. Since many

of the paradigms u§?d in laboratory studies.bf learning now utilize
\

oomputer-oontrqlled éxperimental procedures, the advent of cheaper

computing offers the'téchnological possiblity of assessing an

indiyvidual's rate of learning. 'For example,'it would be possible to.

observe a person's learning rate in situations as different as
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learning to fecite lists presented via’computer or learning to play a
video arcade game, |

~ Experimental studies of the feasibility of such testing have
already been reported as part of an atﬁempt to deéqlop new military
clﬁssirioation procedures. (5) Such proposals presuppose that there
'13 such a learning ability apart from the abil;ty to learn within
specific oohtent areas, The evidence for this propositiop is faf ffom
ole;r. The assesment of learning ability raises a number of issues

that transcend the narrower issue of computerized testing. It is

‘instructive to see how the larger issues and the specific ones

interact.

¢— Types of Learning. Estes (1982), in a perceptive review of the
issues, has pointed out that learning gituations can be ordered by
complexity. At the 'gimple end' are studies of habituation and
conditioning. Inatrumeptal learning (operant conditioning) and

| péired-associates paradigms, are more complicated, whilgyooncept
identification and verbal learniné paradigms can be'very complex. At
the extreme, one could regard an?<eduoation as a form of learning.

Here the distinction between learaing and induction becomes arbitrary.

»

""" The simpler learning paradigms, such as habituation and
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oondifiening paradigms, attempt to i olate the formation of elementary
stinulus-reeponee bonds. As Estes (and others) have pointed out,
studies of extreme contrasts as the qontraet between mildly mentally
retarded and normal individuals have| not shown partieularly striking
relations between performance in sizﬁle learning situations and
measures of general intellectual competonce. Tngs such paradigms yill

not be coneidered further.

| Q:f—————The problem of evaluating a person's ability to learn

complex material is complicated by three factors. When new faete are
learned they are fitted into a person's existing ;nformation. L
Therefore any ‘evaluation of a person's ability to learn material with
meaningful content will interact with the examinee's prior knowledge.
A determination that a person is a rapid learner of material in |
history may have little predictive value for estimating the person's
ability to learn auto mechanics. Since learning is highly dependent
on memory, nhe remarks about individual differences 1n memorization
strategies apply. Because individual differences in knowledge and
strategies of information acquisition 1nteri

ct, a person's learning

ability may best be evaluated by conetructing a model of how the

[
learner conceptualizes the learning prob;em. There have been attempte'
to develop computer progranms that do this, Ly observing etudents'
responses to computer ‘controlled presentations of naterial to be

learned (Broun,.iid Burton, 1978; Collins, 1975; Sleeman, 1983).
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Considerable Eeaearoh needs to be done before these programs are
autficiently validated so that their results could be used- in
peraonnel selection or diagnoais. In fact, the time required to
induce a model of the learner may rule out the use of such student
evaluation devices in claassification aituationﬁp The practicality of
using learning modeling programs for a diagnosis of the learner's
knowledge ﬁaa not yet been established, but is a potentially |
_interesting research'topic. The above remarks apply to studies of

"learning ability" as evaluated within a single teating session. An

alternative method of testing is to embed systematic asaessmeni withiﬂ
computer assisted instruction programs, so that evaluation and
learning prooeeq hand in'hand. If this can be done the opportunities
for testing increase enormously. This approach also has the advantage
of tying assessment difootly to the learning of material that
presumably has value in its own right. Those inatfuotional pr&grama
that attempt to develop models of the learner (see above) could be
regarded as sophisticated teaching and assessment situacvions.
Bngngdurnl_LgnxninzL These somewhat diaoour#ging conclusions are
based largely on studies of the learning of verbal or quaai -verbal
.material. Learning also takes place in situations in whioh the task -

is to olasaify and respond to perceptual displays. " Here the
extra-laboratory analog is to machinery operation, shrvi;lﬁhnoe of %7

radar screens, or even to athletic performance. Studies of experts in

H
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auch fields indicate that a great deal of. their performance 1s oarrigdvn_
out in what has come to be known as the "automated mode" of

performing. Reactions to displays are overlear:ed and immediate.

This is contrasted to the slower an&'attention deqanding 'oontréi}ed' 3
mode: of responding. The soméwhat intuitive distinction between \
automated and controlled responding hasvbeen'operationally Jdefined by
-Sohneider and Shiffrin (1977), in a series of experiments on the ’

development of automated responding to visual displays. They found

that automated responding could take literally thousands of trials to

.develop, but that when it did develop reponées might be as much'as an
| order of magnitude faster than reponses made in the controlled mode;
Subsequent studies (Fisk and Schneider, 1983; Poltrock, Lansmaﬁ’and
Hunt, 1982) have shown that the automated controlled distinotion
applies to a variety of item recognition situations, quite outside the
narrow area of visual display recognition. Since the techniquéh‘for
evaluating'automated and controlled reponding reguire very rap}d
presentatinns of stimuli and recording of responses, some form of
computer control 1s necessary. Could the experimental procedures be

adopted to"testing situations?
' B

f
There are two basic questions that one would ask in studying

.individual differenoes in automated and controlled responding. . Given

a nuuber of oandidates for training on a task, which candidates are

likely to develop autpmated responding early in training? Given a
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number of people who have élready been trained to execute the task,

which persons have developed tp the stage of automatic responding?

' ' The first question is more interesting from thevviewpofnt of personnel
selection, but unfortunately it may be the more difficult to anawer,

~ The atraightroruardvuay to ask the question would be to present
candidates with a (computer controlled) simulation of the task to Pe” '
learned..or perhaps with the task itself..and observe changes in

performance over a relatively small number of learning trials. If

[+

learning rates early in training predict learning rates throughout

“training the approach should work. But do they? Here the evidence is

’

.mixed.

Schneider (Ngte 6) has presented data showing ‘that learning
performance early in training on a task analogous to interpreting a
radar digplay is not predictive either of asymptotic perfornaﬁce or of

the time required to learn an automated skill. Schneider studied a

simple visual scanning task, analagous to ¢the interpretation of a

display on a radar screen, A screwhat similar design was used by

Dunlap, Biladeau, and Jones (1h preas), but in their case the tasks

were commercial video games that appear to involve visual scanning,

target identification, and motor reactions. The factor s;ruéture of

the tasks changed very little over gxtended practice.

It is relatively easy to determine whether or not.an
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individual has been ableito automate performance on & specific task.
Automation is defined\by 1n§ensitiv1ty of pe}rormanoe to increases in
information processing loads, Computerized evaluation prodedurgg
could be developed to mopit&r the stage of a beraon’a training in a
variety of situations in ‘which automation was important. The
evaluation procedures,wouid,be apecific to the task_at hand, rather
than being general 1nd;oes‘of individual trainability. 1In general,
the automated-control distinction seems to be more relevant to
.evaluating yhe success of a training program, than for predicting the

success of a given\individua; entering that progran.

nm_mum.ng_ﬂ_D.ﬂmm The above remarks suggest

strongly that learning is situation specific. Therefore it makes
sense to‘build assesment into specific comput.er controlled teaching
programs, but it makes less sense to try to develop comprehension
,prooédures for evaluating learning ability in general. There are
those who would dissent with this viewpoint. The dissenters believe
that there is a general learning factor that applies to more cognitive
situations, such as learning how to solve problems in mathematics or
reading. A central 1dea'iﬁ their view is ;he concept of a person's
"proximal zone of development.® Ldoaely, people who have wide
proximal zones are people who are able to utilize hints to 1earn how

to solve unfamiliar problems. The concept was originally 1ntroduoed

by Vygotsky-(znglish translation 1978), in the 1930s, and appears to
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have influenced Soviet personnel evaluation.,1E The idea, although not

the language, is similar to Sternberg's (1981) notion that one should
‘ distinguish between a person's ability to do tramiliar (entrenched) -
vasks and his or her ability to deal with novel, non-entrenched
problem solving. Outside of the Soviet Union, Vygotsky's 1idea has
been translated 1nt0‘aotioh in a number of progranms in which
children's potentiais are ;ssessed by giving them‘progressively more
hints until they can solve test problems. The idea is that the child
is simultaneously being trained to be a problenm solver and buing

evaluated for the ability to deal with noveity. The word ®*child"® is

used advlsediy here, as all .the programs that we are aware qf are
directed toward children, Qnd ofte; abnormal children at that
(Campioye et al., 1982;.Feurate1n, 1980). At present the task of
evaluating a person's potential for learning is conceived of as an
almost clinical interview, involving intense social interaction
between the examinef and the person being evaluated (this 1is
esbecially the case in Feurstein's wopk.) Reoently. though, some of
the ;eatina prboedures have been adopted for compuéer administration
(Campione, Note 7. | Niin |

The apparent contradiction between the work of Feurstein and
Campione et al., on the one hand,‘gnd the other studies cited may be
due to the ﬁopulation tested. It could well be that there are
signifioant'individual differences in generalized learning ability

amongst slow learners, while learning might depend more on specifioc-
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prior knowledge in normal and rapid learnersa. This important issue 1is
not directly related to the issue of the use of computers to assess
learning ability. The answer to the queatioqﬁhas strong implications

4

for the design of computer programs intended to assess that ability.

Paychomotor Skills

Intuitively, it makes sense to speak of people who are clever
with their handa, On the other side of the coin, the'evaluatiod of
psychomotor skills is almost completely absent from current
psyghologioal testing. In part, this may be because it is hard to
include a test of tool manipulation in a standard paper and penoil'
teating situation. One could imagine fairly simple psychomotor tests L
that could be administered by a oomputér. The simplest example would
be some form or\tpaoking using an electronic "mouse®, a 1iéht pen, or
a similaﬁ pointing device. 'Other’tests of tool use could no doubt be

devised. Would there be any point in doing so?

Psychomotor skills tend t?'be’highly specialized and to be very
sensitive to practice (Newell and Rosenbloom, - 1981)., Computer games
that require psychomotor skills exhibit low session to session
reliability until after ten or fifteen days of training (Kennedy,
Carter. and Bittner, 1980). Finally, it has long been known that the

relative importance of different components of a psychomotor skill may
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change with the atate 6r practice (Fleishman, 1967). These findings
all suggest that there ;s no general factor for paychomotor
co-ordination. If this is true, then the ract'that psychomotor tasks
can be administered bY computer 18 somewhat irrelevant to testing

except to evaluate the results of specific training sequences.

‘_Thore is a possib;e exception to this somewhat discouraging
. ¢ .
conclusion, It has been claimed that the speed of a person's

_ cognitive decision processes can be revealed by the speed of simple

disorimina;ions and/or response choices. Examples are phe much used .
choice reaction time paradigm, in which a person must move one of N R
suitohés when a light is shown over it and a variety of measures of
papeed of retrieval of information for long term nenory; These tasks
require computer presentation pecause of the need to control stimulus .

presentation and record response times at millisecond acocuracy.

Should the speed of simple but rapid tests be included in a
screening battery? The answer to this question depends upon two
familiar psychometrioc {ssues; stability and external validity. The
stability of choice reaction time duties, across sessions, is rather
low (approximately .6). This contrasts with their extremely high
(.95) intra-session reliability. Such a discrepancy indicates that
choice reaction tipe measures may be subject to intra-subject

influences that vary from day to day. Hhether day to day variations
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in a person's reaction times mirror variation in other cogaitive
behavior is simply not known. (The answer to this question would be
interesting). Given ;he'faot of inter-session variation, it is
sosewhat surprising to find that the correlation between choice

reaction times and more oomplex_tasks is as high as it is.

Several studies have shown that ohoice reaction times are
reliably correlated with tests of the 'g' factor of conventional

intelligence testing (Hunt, 1978; Jensen, 1982; Vernon, 1983). Ve

caution, though, that the correlations (.2 to .U) are not sufficiently
high to argue that this test should be used as a marker of general
intelligence. Much less is known of the relation between complex
behavior and perceptive discrimination speed. jhere is a\skotchy
report of a very high correlation between measured intelligence and
speed of visual discrimination (Brand, 1981), but subsequent work has
failed to replioate the original study (Nettlebeck and Kirby, 1983,
Vernon, 1983). The problems of controlling for simple sensory
deficits, such as astigmatism or myopia, have apparently not been

studied.

0°ly a weak case can be made for using choice resction tiue and

perceptual diaorinination speed as measures of psyohological func .ons
that are also measured by present day psyohometuio tests. In part

this is a prebdblen of definitions. 1f one is willing to ascept, say,
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the Ravén Matrixz test as @& defipition of general intelligence, why

replace theé patrix test with another test that either takes as long,

or has only a modorate correlation with the accepted test, or

pore interestling approach 18 ~o regard {nformation processing speed as

an extansiou of the abilities 1oV tested., If it could be shown that

adding the measures to a teat battery improved the_predictability of

performiance iﬁ some claas of oomplex.taak then an expansion of testing

would be aprropriate.

Attention

Spearnman {1527) suggested that the general factor in intelligence

might in part be due to pervasive individual differences in one's

ability to ooncenirate attentidn on the problem at hand. Several

‘other writers have echoed Spearman's comment. For instance, Matarazzo

(1972) asserted that in normal adults the chief use of the memory span

test on the Wechsler Iatelligence Scale was to test the examinee's

ability to_ooncentrate. In spite of such claims, eaily writers on

intelligence offered little empirical evidence relating "intelligence”

to "attention." The failure to develop the idea was partly due to the

difficulty of monitoring a person's attentional effort, giveh the

constraints of conventional teating situations. It was'also partly

duJ to a failure to be precise'about what was meant by mattention.”
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Since 1970 the concept of attention has been artiou}ated more
clearly. The most oq,mon view is to look uponhattention as a
resource, analagouS/to electrical power, Some authors argue for a
single, pervasive’ "pover source®™ for thought (Kahneman, 1973), while
others have prefﬁntod models that poapulate two or more 8sources of
non-interchangeable resources (Navon and Gopher, 1979; Wickens, 1979),
or competi@ion for limited capacity information processing mechanisms
(Huht, 1981; Posner, 1978). In all oases, though, resource |

expenditure is measured by observing patterns of interference between

two taska. Consider two tasks, x and Yy, both of which demand
attention. Examples are pursuit tracking and monitoring & stream of
signals to detect the presence of a target. If the tasks cannot-bp |
executed together as well as each can be done alone, then the two
t{aks must compete for the same resources,. . The pattern of
interference can provide a measure of the amount of attentional
resources expended in such situations (Kerr, i973; Norman and Bobrow,

19751,

Two paradigms have b2en used to study individual differences in
the deployment of attention; both depend on some form or‘compuﬁer

control for measuring reaction time and errors on a real-tinme basis.

// In the "secondary task® paradigm people are given two tasks singly,

and then asked to perform them together., In "syitching" or
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'riltering' paradigms people pust either switch from monitoring one
source of input to nonitoring another (e.g. switch from monstoring
signals in one ear toO nonitoring signals preaented to the other) or
they must monitor one signal source while ignoring another. The
prosenco of a secondary task may 1ntroduce a source of individual
'yariation that is not apparent when people perforn tasks singly. This,f
could b§ either because the increased denands of the secondary task
provide an accurate measure of the total attentional resources

available to a person (Hunt and Lansman, 1982) or because thare are

reliable individual differences in the ability to allocate attention

to competing tasks (Stankov, 1983).

A somewhat different view of attention stre#ses the control a
person has over attention allocation, rather than the total anoﬁnt br
attentional rosouroos”av:ilib;e. Gopher (1982) has developed this
1dea'extensively using a dichotic listening paradigm. The examinee
listens tc the diohétioqlly'presented streams of signals. On cue s/he
must switch rapidlj from attending to the information presented in one
ear to attending to information presentea in the other. The dependent
variable is the speed with which the switch of attention can be
executed. Several studies have shown that the attention switching
paradigm can be used ﬁo discriminate good and bad operators of a

variety of machines, ranging from buses to airplanes, The

correlations are not large, and the validity of prediction may depend
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upon the examinee's familiarity with the criterion task. On tﬁh<other
hand, the classification deoisions being made in these situations ‘may
involve substantial economic commitment. (This 1is certainly the c;;
‘in pilot training.) Therefore even small ‘ncreases in predictability
can be valuable. | _ |

Given the data now in hand, measures of attentional resources and
control warrant serious consideration for inclusion in some
classification tests, especially if the goal is to predict perforaance
in aituationﬁ where rapid decision making is required. The way that a
tth should be used, though, will depend very much upon the particular
aitugtion, because there are a number of theoretical and practical
queationa to be resolved. Pe '"=ps the most 1mportant of these is the
issue or situational generality of attention measures. Consider
Gopher's procedure. The paradigm involves auditory perception, but is
presented as a test of the ability to control attention in general. A
recent study by Lansman, Poltrook, and Hunt (1983) indirectly
questions this assunption. College students took a variety of
auditory and visual tests that required the gontrol of attention.
There w#s evidence for separate factors for control of auditory ahd
visual attention, rather than for‘a general vattentional control™® )
factor. While Gopher's teast was not among those used by Lansman et

al., their results do susgqat that further studies should be done to

determine the factorial complexity of 'attention' itself.
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Attention is said to 'wax agp wvane', thus implying that it is
subject to day to day, and perh?bs minute to minute variability.
While variability might be ot//ntereat in itself, (See the remarks

above concerning reaction ti e), any test to test variability poses

administrative problems, be'iuae extended testing is required. Design

problems are also posed b cause the investment of attention is no mofre
directly observable tha?/Zs the investment of 1ntelligenoé. Attention

is evaluated by perto;ﬁgnoe on .a task. Individual differences in

skill on the task ar confounded with individual differences on the

apount of attention devoted to it. This very much complicates the
1 designs required ﬁo isolate measures of attention fron'neasvrea of
task specific skills (Ackerman, Wickens, Sobneider,'1982; Hunt and
Lansman, 1982}; Design issues, rather than technolozy, may prove the
limiting feaiure in efforts to evaluate attentional capabilities.
‘kNevertheless, given the data now in hand, we regard the extension of
taating 40 the evaluation of individual differences in attention as

oue o: the most promising applications of compu.er controlled testing.

i

: ML'QJ ‘1:;'"‘ don laaue

s

Validation is one of the thorniest problems in assessment. What

/o psychologists would like to do 1is to talk about the relation between

test scores and "performance"” in some extra~laboratory task.
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Establishing extra-laboratory performance is usually a substantial
problem. Very few aspects of ever&day life are evaluated in anything
1ike an objective nanne;. Perhaps the easiest situation to deal with
ia the prediction of academic performance, where grades are regulgrly
aaaigne&. Yet anyone only mildly familiar with academics is
uncomfortable with grade point averages as an evaluation of student
performance. The situation is even worse in the workplace, where

competence must often be measured by such surrogates as economic

reward or observer ratings, variables that are subject to influences
other than person;i ability. From a narrow point of view, the
validation problem for computer presented tests is no different than
the validation problem for any other test. The problem lies in the

validation score, not the test score.

Computers could be d%ed to collect measures of human behavior in-

extra-laboratory situations. The most obvious, and perhaps the most

controversial, use is to monitor individual work performance. This is
feasible in industries-where computer readable records are already
uaed'fGFAﬁanagement control . of 1nventorieb, customer flow, or other
resources. ‘Examples are check-out counters in supermarkets, air’
traffic control centers, and airplane ticket sales. The reogrdihg
devices used to keep track of goods or paperwork could be used to
estimate human productivity. Such an application raises serious

social issues, which we shall not comment upon. We do point out that,
|
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danger, of-course, that measures that could be recor.Jded wou}d,aasume a

Intelligence Testing ‘ B | Page 50

seen strioctly froﬁ the Qiewpoint of a paychologist interested in
assessment, keeping records on individual workers in their normal'work
environment is an attractive solution to some of the problems that
have plagued psychometricians for yéars. Beoaﬁae the neaihres would

be directly related to work, they would be face valid, Theré is a

»psychological validity" that they ought not have, to the expense of
other, less easily recorded aspects of perropmanoe. but this argunentJ
could be made against the‘oollection’or any lesas-than-perfect
performance measure, A second feature of continuous monitoring is
that it records normal perfofmanoe. - Overt testing; on the other hand,
is likely to yield measures of (near) maximal berforuance. The
prediction of average performance may be much more important in the
workplace. qIn'the past, little work-has been done on this because

somewhat paradoxically. average performance is more dirrioultxto

assess in an objective manner than is peak performance.

In training situations many of the advantages of continuous
azseasment'oan be retéined without incurring some of the aooiai
disadvantages. This is‘particularly true if the fraining is to be
conducted using simulation techniques that are themsegveq under

computer control, since it may be easier to include computer

monitoring of performance in a siﬁulated task than in an actual task.
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The combination of assessment with computer controlled simulation

! 3

may represent an'impqrtant extension of testing to the workplace.
rqinulations are becoming increasingly popular lraining devices,
ospecially‘in situations where trainingnﬁn the criterion task itself
is not feasible. Furthermore, simulation training sessions are less
artificial than test situations.. A test must be relatively brief and
must be meaningfu} for ungrained people. 4 simulation task may take

hohra, and 1t may be practical to train people for several days before

they can operate the glnﬁrator.‘ Simulator performance itself must be

evaluated against actual performance, On¢ce this is done, though, ﬁhe
simulator stands at an intermediate point between brief, inexpensive
"testing and the expehéive, error prone evaluation of extra-laboratory
performance, It may be economically fe;sible to screen oandidaté
tests by examining the corrol(tibﬁ between test and simulator
performahce. Tests that pass this examinatidn can then be evaluatgd
by the more expensive prpoess of collecting data on test aﬁd

extra-labbrgtory work performance,
“ Concluding Remarks

1f the decision to move to computer controlled testing is to be

nsde either on the grounds of ease of administration or greater

‘accuracy of evaluation of what 'we now evaluate, then the decision
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should be dictated by economic considerations. Given that there exist
.two tests of the same psychological function,&ne computerized and one
in a more traditional format, which i8 the mosat cost affective?
Psychological issues are raised-ﬁnly when 4t is asserted that
computerized tests are 'better! meaaurés of cognition than are

conventionally administered tests, This is a claim for a

pasychological gain that is distinct from ecqnomic gain.

Providing that the purpose of testing is for personnel screening,
1t does not appear 4that there 1is Qe}y much psychological gain to be
obtained f;om computer controlled testing of reasoning, verbal
intelligence, or pa&ohomotor abilities. Thé psychological functions
that make up these donaiha are qither not changed by the format of the
test, or (19 EEP case of psychomotor functioning) are highly specific

-y

to the particular task being used. We are somcwhat more optimistic

about the use of computer controlled tésting if the purpose of an

examination is diagnosis of individual performance. In this case much
\ more extensive testing'is pbssible, and computerized adminiﬁtpation
may make it posaible ﬁo tap aspects of a person's language processing
or problem solving béhavior that would not be reliably revealed over a

few minutes testing, regardless of the format used.

Computer controlled testing is iikely to have much more of an

impact on the study of individual differences in spatial-visual
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reasoning, memory, and on the study of individual differences in
attention. In tﬁeae three fields there are a number of interesting
téat situations that are simply not feasible without the use of
computer controlled testing stations, Reaearéh on the development and

validation of such test procedures could begin today.

Perhaps one of the most challenging questions for future research
is whether or not learning potentials can be evaluated by having j

people solve problems while beihg coached by. a computer progranm. At -

m— present, questions about.legrning potential are asked almost

- exclusively avout children, and the research presumes an interaction
between the child and a dedicated,lhighly skilled instructor., It is
conceivable, but by no means certain, that interactive computing
techniques could be used "o identify learning potential in adults. It.\
is unlikely that research in this area would result in procedures that
would be useful for 1n1t1a1 personnel screening, because the time
required to assess learning potential is likely to be on the order of
hours. It may be possible to assess adult learning potential in
diagnoatio situvations, where the organizatioﬁ has a commitment to the
individual. Given the anticipated reduced aize‘n\\the workforce over
the next fifty years, combined with the rapid introduction of new
tqohnOlogy. diagnostic testing may become much more widespread than it
is today. If 8o, high priority should be given to reaearoh on the

assessment of adult learning potential.
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ﬂ Computers are fascinating, flexible, and highly useful toois. In
‘preaenting a somewhat mixed evaluation, we feel almost as if we are
taking a stand againat progress. Nevertheless, we feel that caution.
is in order. Computers do raise many possibilities for testing and
training. Whether these possibilities are uaefﬁl ones, though, is not
a qdeation that can be answered by demonstrating engineering
feasability. The questions that have to be answere' are
psychological, and the answers can only be obtained by appropriate

psychological research.

At
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Footnotes

1. One can imagine some extremely exotic computer controlled
tests, We reatriot:our discussion to the sort of testing that would
be possible on comph;er system that one could reasonably expect to be
available for very large testing programs. It will be assumed that

the terminal consists of a standard 512 x 512 dot, black and white

cathode ray tube (CRT) monitor and that the response device is either

a typewriter style keyboard, some form of panel operated by button

presses or, when specifiocally mentioned, & light pen or similar analog
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tracking device whose position can be sensed by the oombuter. This
definition covers such devices as the paddles and steering wheels
associated with oonpupor'gamea, touch sensitive aoréons, and drawing
devices such as the electronic "mouse". We will consider systems with
voice generated ouﬁﬁut, but not systems with speech recognition
capabiiity. Finally. no cpnaideration will be given to dowiooa that
can recode electrophysiological signals into computer read;ble form.
While active research on the relation between electrophysi iogioal and
behavioral measurea3 on 6ogn1tion is being conducted, we doinot believe
that electrbphysiologicl measures will be utilized in personnel
evaluation in the near future, There will, no doubt, be 1mifrtant

o special exceptions to this statement.

2., Nickerson, R, Comments on papers in the symposium on
individual differences. American Educational Research Association

Meetings, Montreal, March 1983.

3, Gopher, D. Remarks on individual‘differencos in attention.
_Presented at the Conference on Individual Differences. Univ. of CA,

Santa Barbara., March 1983.

\
4, Some illusions may be very diffiocult to produce using the
sort of computer testing oonfiguhption that we envisage. Virtually

all standard display systems prosenting computer testing or
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communicative use some variety of the standard 'tqleviaion" display,
i.e. 520 x 520 dots, refreshed at 60 Kz, Display changes rasﬂ enough

to produce or vary an 1l1lusion may not be‘posaible in all cases.

. i
5, Payne, D. USAF presentation at the Tri-Services cbgnigive
Sciences Synthesis Conference, Naval Post Graduate School, Hoﬁ£erey,
‘CA, March 198&.'Kyllonen, P., Presentation at office of Navay!Researoh
Contractors! Meeting on Individual Differences and Informatygn |
Processing, Yale University, March, 1984, .f
/
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6., Schneider, W. Remarks on individual differences in automatioc
/
;esponding, Conference on Individual Difierences. Univ, of CA, Santa
Barbara, March, 1983. /
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Private Sector Private Sector
{ Dr. Marcal Just . -1 Dr. Michael Leﬁﬁne
- Department of Psychology Department of Educational Psychology
o Carnegle-Mellon University _ 210 Education Bldg. ’
Pittsburgh, PA 15213 " University -of Illinois
o Champaiga, IL 61301
. 1 Dr. Scott Kelso
Haskins Laboratoriag, lac 1 Dr. Charles Lewis
270 Crown Street Facultair 3oclale Wetenschappea
New Haven, CT 06510 Rijksunivarsl::lt Groningen
Oude Boteringestraat 23
1 Dr. David Kleras - 9712G. Groningen
nepartment of Psychology Netherlands
Yaiversity of Arizona
Tuscon, A% 35721 ! © 1 Dr. Robert Linn
College of Education
1 nr. Waltar Kintsch University of Illinois
Department of Psychology Urbana, IL 61801
University of Colorado
3oulder, CO 80302 1 Dr. Don Lyon
AFHRL/0T (UDRIL)
| Dv. Stephen Kosslyn Williams AFB, AZ 85225
1235 William James Hall
33 Kirkland St. 1 Dr., Jay McClelland
Tiabridge, MA 02138 Department of Psychology
YT
.-+ . 1 Nc. Pat Langlay Cambridge, MA 02139 _
The Robotics Ta3tlta: ,
Yirnagla-Malloa Univaersiny 1l Dr. Allen Munro '
Piresburzn, PA 15213 Behavinral Techaology Laboritories
_ 1845 Elena Ave., Fourth Floor
| Dr. Marcy Lansaman Redondo Beach, CA 90277
The L. L. Thurstonz P3vzhometrtic ,
Laboratory 1 Dr. Donald A Noraan
Univarsicy >f North Carolina Cognitive Science, C-015
Davie Hall 013A Univ. of California, San Diego
Cnapel HLll, NC 27514 La Jolia, CA 92093
| D, Jill Larkin 1 De. Jesse Orlansky
Department of Paychology Institute for Defense Analyses
Carnegle Melloa University 18271 N. Beauregard St.
Pittsburgh, PA 13213 \lexandria, VA 22311
| Or. Alan Lesgold | Dr. James A, Paulsov
,2aarning R&D Cenyrr Portland State Univarsity
Taivarsity of Pletsburgh P.0. Box 751
3939 0'Hara Strast Portland, OR 97207

v{tteburgh, PA 15260
l Dr., James W. Pellegrino

l Dr. Jim Levin University of California,
% 'lniversity of California Santa Barbara |
4% San Diego Dept. of Psychology
Laboratoey fof Comparative Santa Barabara, CA 93106 -
L I Human Cognition -~ B0O03A

La Jolla, CA 92093
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Dr. Nancy Pennington
Iniversity of Chicago

vl sace Schoel of Businases
1101 £, 58th Sc.

" Chicago, [L 60637

DR. PSTER POLSON

DEPT. OF PSYCHOLOGY
UNIVERSITY OF COLORADO
4OULDER, CO 30309

Dr, Mike Posner
Department of Psychology
University of Oregon

_ Gugena, OR 97403

Dr. Fred Relf

Phygics Department
Univarsity of Calif»rrnia
Berkeley, CA 9472)

Jr. Lauren Rz3aick

w.0C .
Jniverslity of Piccsburgh
3939 0'Hara Straet
pittaburgh, PA 1521

Dr. Andraw M. Rose

smerican [ngtitutes for Rz3z2irch
1055 Thomas Jaffarson 5t. NW
washiagton, DC 20007

Dr. Ernst Z. Rothkopf
3ell Laboratorles
Murray HiLL, NJ 079/%

Dr. Willian B. Rouase

Gaorgia I[anstitute of Tuchnology

3:hool of Industrial & Systems
Engineering

Atlanza, GA 30332

Dr. David Rumelhart

Centar, for Human [uformation Procassiug
Ualv., of Califorata, San Diego

La folla, CA 92093

Dr. Michael J. Samet
Parceptronics, Inc

6271 Varial Avenue
Yoodland 4ills, CA 91364
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+1 Dr. Walter Schnetdar

* Paychology Departmant
' 603 E. Daniel .
: Shampaign, IL 61820

| Dr. Alan Schoenfeld
Mathematics and Education
The University of Rochester
Rdshester, NY 14627

l Dr. Edward E. Smith
Bolt Beranek & Newman, Inc.
50 Moulton Street
Cambridge, MA 02133

| Dr. Richard Saow
School of Bducation
Stanford University
stanfori, €A\ 943)5

1 Dr. Kathryn T. Spoehr
Paychology Department
Brown University
Providence, RI 02912

| Dr. Robert Steraberg
Dept.,of -Paychology
Yale University
Box llA, Yale Station
New Haven, CT 06520

! Or. Kikumi Tatsuoka
Computer 3asad Education Research Lab
252 Engineering Research Laboratory
‘Jebana, [L 51801
p
1 Dr. Maurice T4t3uoka
279 “laication Bldg
131N 3, sigth St.
Champaign,. LL 61820

l Dr. Perry W. Thorndyke
Perceptronics, ILnc.
545 Middlefteld Road, Suite 149
Menlo Park, CA 94025

1 Dr. Douglas Towne
Univ. of So. California
Behavioral Tachnology Labs
1345 S. Elena Ave.
Redondo Beach, GA 90277
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"1 Dr. Kurt Van Lehn
‘« Xerax PARC
3333 Coyote Hill Road
Palo Alto, CA 94304

. 1 Dr. NDavid J. Weliss
N660 Elliott Hall
University of ianesota
75 £E. River Road
Minneapolis, MN 53455

| Dr., Keith T. Wescourt
Parceptronics, Inc.
545 Middlafleld Road, Suite 140
Menlo Park, CA 94025 '

] 4illiam B. Whiz! .n
3ell Laboratories
2D0-610
Yolmdel, NJ 07733

| Dr. Christopher Wickens
Department of Paychology
University of [llinois
Champaign, IL 61820

| Dr. Thomas Wickens
Dapartment of Psychology
Franz Hall
Tatvargity of California
405 Hilgarde Avenue
Las Anz:les, 0A 90024

l Dr. Mike Williams
39lr Jaranak & Yiwnan
1 {oulton 3k,
Cambridgec, A 94304
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